The phylum Bacteroidetes, formerly classified as the group Cytophaga-Flavobacterium-Bacteroides (Olsen et al., 1994) , includes four classes, 'Bacteroidia', 'Flavobacteria', 'Sphingobacteria' and 'Cytophagia', in the second edition of Bergey's Manual of Systematic Bacteriology (Ludwig et al., 2008) . Cultured strains of this phylum are all Gram-negative, but they display a high degree of biological diversity with respect to their biochemical, physiological and morphological properties (Nedashkovskaya et al., 2003; Tian et al., 2010) . As a result, the phylogenetic position of many taxa in the phylum is still not clearly determined (Suzuki et al., 2001; Bernardet et al., 2002; Holmes et al., 2007; Ludwig et al., 2008) and the boundaries of classes or families, as well as the phenotypic and genotypic criteria that define these taxa, are still not well defined. Nevertheless, bacteria belonging to this phylum are considered to be significant in aquatic environments and display a worldwide distribution in marine and freshwater ecosystems (Garrity & Holt, 2001; Kirchman, 2002) . Here, we describe three novel isolates from sediment of a seashore pond for sea cucumber culture at Jimo, Qingdao, on the east coast of China (depth 10 m; 36.50u N 120.82 u E). The three isolates shared very low 16S rRNA gene sequence similarity (,90 %) with their nearest relatives and are considered to represent a novel species and genus of the phylum Bacteroidetes based on the results of a polyphasic taxonomic analysis.
The sediment sample was collected in March 2009. Strains DQHS4 T , DQHS8 and DQHS15 were isolated and subsequently purified five times on 2216E agar medium (per litre Yellow Sea seawater: 5 g tryptone, 1 g yeast extract, 15 g agar, pH 7.5) at 25 u C as described previously (Qu et al., 2011) . The strains were maintained on 2216E agar medium at 30 uC and stored at 280 uC in 2216E medium supplemented with 30 % (v/v) glycerol.
Genomic DNA was prepared following the method of Hiraishi (1992) and the 16S rRNA gene was amplified using PCR with universal primers 27F and 1492R (Hiraishi, 1992; Lane, 1991) . PCR products were purified using the Wizard SV gel and PCR clean-up system (Promega); direct sequencing of PCR-amplified DNAs was carried out in both directions with universal primers 27F and 1492R on a model 3730XL automated DNA analyser (Applied Biosystems). Almost-complete 16S rRNA gene sequences of strains DQHS4 T (1415 bp), DQHS8 (1386 bp) and DQHS15 (1397 bp) were obtained and investigated for similarity in the GenBank DNA database using BLASTN searches (Altschul et al., 1990) . Sequences of related taxa were then obtained from GenBank (Benson et al., 2009) . A phylogenetic analysis was performed using MEGA version 4 (Tamura et al., 2007) after multiple alignment of the data with BioEdit version 7.0.9 (Hall, 1999) . The phylogenetic tree was reconstructed by the neighbour-joining method (Saitou & Nei, 1987 ) (distance options according to Kimura's two-parameter model) and the topology of the phylogenetic tree was evaluated by using bootstrap percentages based on 1000 replications. Comparative 16S rRNA gene sequence analysis indicated that the three sequences shared more than 99.5 % similarity, but they shared less than 90 % similarity to sequences of all known species of the phylum Bacteroidetes, with Prolixibacter bellariivorans F2 T as the closest relative, sharing 89.6 % similarity. The rather low levels of sequence similarity suggested that the isolates belong to a novel taxonomic group at the genus level. As can be seen in Fig. 1 , phylogenetic analysis based on the 16S rRNA gene sequence indicated that strains DQHS4 T , DQHS8 and DQHS15 formed a distinct phylogenetic line within the phylum Bacteroidetes, related to the genus Prolixibacter. To test for robustness, minimum-evolution and maximumparsimony phylogenetic trees were reconstructed using MEGA version 4 (Tamura et al., 2007) , with similar results (see Supplementary Figs S1 and S2, available in IJSEM Online).
Strains DQHS4T, DQHS8 and DQHS15 were also compared through rep-PCR fingerprint analysis. In this experiment, the primer BOX-A1R (59-CTACGGCAAGGCGACGCTGACG-39) was used (Versalovic et al., 1991) . The PCR used the following cycle conditions: 5 min denaturation at 94 u C; 35 cycles of 15 s at 94 u C, 30 s at 53 u C and 8 min at 65 u C; and a final 8 min extension at 65 u C. The PCR products were then separated by agarose (2 %) gel electrophoresis. The rep-PCR results are shown in Supplementary Fig. S3 . Strains DQHS4 T , DQHS8 and DQHS15 formed a genetic group at a similarity of 85 %.
DNA-DNA hybridization was performed to determine genomic relatedness between strains DQHS4 T , DQHS8 and DQHS15 according to Liu & Shao (2005) . Because of the low 16S rRNA gene sequence similarity (,90 %) with their nearest relative, DNA-DNA hybridization experiments between the new isolates and the type strain of P. bellariivorans were not performed. DNA-DNA relatedness between strains DQHS4 T and DQHS8, DQHS4 T and DQHS15 and DQHS8 and DQHS15 was respectively 90, 85 and 95 %. According to the cut-off value of 70 % recommended by Wayne et al. (1987) for discriminating bacterial species, the levels of DNA-DNA relatedness indicated that strains DQHS4 T , DQHS8 and DQHS15 were members of the same species.
The following morphological and physiological tests were performed on strains DQHS4 T , DQHS8 and DQHS15. Cellular morphology and the presence of flagella were determined using transmission electron microscopy (H-7000; Hitachi). Gram-staining, catalase and oxidase activities and H 2 S production from L-cysteine were examined according to standard methods (Dong & Cai, 2001) . Gliding motility was determined as described by Bowman (2000) . Flexirubin pigments were detected by suspending cells in 20 % KOH (Fautz & Reichenbach, 1980) . Anaerobic growth was checked on MA (Difco), MA with galactose (6 mM) and A1 medium with galactose (6 mM) (Holmes et al., 2007) using the GasPak anaerobic system (BBL). Oxidative or fermentative utilization of glucose was determined according to a standard method (Dong & Cai, 2001) . Hydrolysis of starch, urea, gelatin, Tweens 20 and 80 and DNA was assessed according to methods described previously (Smibert & Krieg, 1994; Dong & Cai, 2001 ) by using MA medium (Difco). The Fig. 1 . Phylogenetic tree based on 16S rRNA gene sequences using the neighbour-joining method (Saitou & Nei, 1987) temperature range for growth was determined on MA incubated at 5, 10, 15, 20, 25, 30, 35, 38, 40, 42 and 45 u C. Tolerance of NaCl was tested by using Luria-Bertani medium (Sambrook et al., 1989) supplemented with NaCl at 0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 10, 12, 15, 20, 25 and 30 % (w/ v) . The pH range for growth was determined in marine broth (Difco) over the range pH 3-10 at intervals of 1 pH unit; the pH of the medium was adjusted using appropriate biological buffers described by Gomori (1955) . Tests for utilization of carbohydrates were performed using a liquid medium containing (w/v) 3 % NaCl, 0.2 % KCl, 0.02 % MgSO 4 . 7H 2 O, 0.1 % KNO 3 , 0.1 % (NH 4 ) 2 HPO 4 and 0.05 % KH 2 PO 4 with the test carbohydrate added at 0.5 %. Acid production from carbon sources was assessed by using API 50CH strips and enzyme activity tests were performed using API ZYM strips (both from bioMérieux) according to the manufacturer's instructions, with 3.0 % NaCl. Other biochemical tests were carried out with API 20NE strips (bioMérieux). Antibiotic susceptibility tests were performed on MA plates by using filter-paper discs (Hangzhou Microbial Reagent Company) containing various antibiotics as specified in the species description. All phenotypic assays (except analysis of the temperature range) were carried out in duplicate at 30 u C, which was the optimal growth temperature for strains DQHS4 T , DQHS8 and DQHS15.
Strains DQHS4 T , DQHS8 and DQHS15 showed largely identical biochemical profiles. Phenotypic features that varied between the three strains are shown in Table 1 ; common characteristics are given in the species description. Our analyses showed that the novel strains were strictly aerobic and their cells were elliptic (0.460.8-0.9 mm) ( Supplementary Fig. S4 ). Whitish to slightly pink colonies (1-3 mm in diameter) appeared within 2-3 days when streaked on agar plates under aerobic conditions; the colony colour changed quickly to orange-red on day 4-5. The novel strains did not form colonies under anoxic conditions on any medium even after 2 weeks. Their closest relative, P. bellariivorans JCM 13498 T , grew very slowly; 1-2 weeks was usual for anaerobic growth. Under aerobic conditions, tiny (,0.5 mm in diameter) whitish colonies appeared 10 days later, and the colonies did not grow any larger. The novel strains and P. bellariivorans JCM 13498 T therefore differed in their O 2 metabolism and growth rate, in addition to their low 16S rRNA gene sequence similarity (89.6 %). The new isolates could be clearly distinguished from related taxa based on other phenotypic properties ( Table 2) .
The total cellular fatty acid compositions of strains DQHS4 T , DQHS8 and DQHS15 were analysed according to the instructions of the Microbial Identification System (MIDI; Microbial ID) (Sasser, 1990) using cells grown on MA plates at 30 u C for 5 days. The fatty acid profiles of strains DQHS4 T , DQHS8 and DQHS15 were similar, and the major cellular fatty acids were iso-C 17 : 0 3-OH (19.8-20.0 %), iso-C 15 : 0 (16.9-17.3 %), anteiso-C 17 : 1 B and/or iso-C 17 : 1 I (7.4-8.7 %), C 17 : 0 2-OH (8.4 %), anteiso-C 15 : 0 (8.2-8.6 %) and C 17 : 1 v6c (5.6-6.0 %) ( Table 1) . Analysis of isoprenoid quinone content was carried out by HPLC according to Komagata & Suzuki (1987) . The major respiratory quinone was menaquinone-7 (MK-7). The G+C content of the chromosomal DNA was determined according to the methods described by Mesbah & Whitman (1989) using reversed-phase HPLC; the DNA G+C contents of strains DQHS4 T , DQHS8 and DQHS15 were respectively 43.4, 41.8 and 42.1 mol%.
The data from our phenotypic, genotypic and phylogenetic analyses suggest that the isolates cannot be assigned to any known taxon. Differences in some phenotypic features, as well as fatty acid compositions and 16S rRNA gene Table 1 . Characteristics that distinguish between strains DQHS4 T , DQHS8 and DQHS15
In API 20NE tests, all strains were positive for indole production, aesculin hydrolysis and b-galactosidase and negative for nitrate reduction, gelatin hydrolysis, arginine dihydrolase, urease and utilization of D-glucose, D-mannose, L-arabinose, malic acid, Nacetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid, trisodium citrate and phenylacetic acid. The following carbohydrates were used as sole carbon sources by all strains: Lrhamnose, D-xylose and myo-inositol. The following carbohydrates were not used as sole carbon sources by any of the strains: lactose, Dgalactose, D-glucose, maltose, D-mannose, formate, ethanol, adonitol, D-salicin, L-arabinose, glycerol, cellobiose, aesculin, citrate, fumarate and starch.
Characteristic DQHS4 T DQHS8 DQHS15
Resistance to 80 u C for 10 min + 2 2 D-Glucose fermentation (API 20NE)
Growth on: Cells are strictly aerobic, non-motile, Gram-, oxidase-and catalase-negative and alkaline phosphatase-positive. The major cellular fatty acids are iso-C 17 : 0 3-OH, iso-C 15 : 0 , anteiso-C 17 : 1 B and/or iso-C 17 : 1 I, C 17 : 0 2-OH, anteiso-C 15 : 0 and C 17 : 1 v6c. The major respiratory quinone is MK-7. According to 16S rRNA gene sequence analysis, the genus is a member of the phylum Bacteroidetes. The type species is Sunxiuqinia elliptica. The type strain, DQHS4 T (5CGMCC 1.9156 T 5NCCB 100301 T 5LMG 25367 T ), was isolated from sediment of a seashore pond for sea cucumber culture at Jimo, Qingdao, on the east coast of China. 
